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Theories of Motor Development
Neural maturation Theory (NMT)
For a long time motor development was presumed to be of autonomic origin according to genetic developmental programmes ( Gesell 1945; Illingworth 1966).

The followers of the  NMT thought that environmental factors could have little to no influence on the motor development process. 

This strict genetic developmental scheme formed the foundation for normal motor development.  An example is the cranial-caudal and proximal-distal development “rule”.  This stated that motor development was caused by the increasing influence of the cerebral cortex on the reflexes. In the brain of a newborn functional brain activity starts in the brainstem and spreads to the cerebral hemispheres. These are not active in a new born child. Reflexes are a result of a lack of hemisphere inhibition of deeper parts of the brain(stem). Pieper 1963. 
McGraw (1943) realised that the detailed motor development of the suckling could not only be from an endogenous source. She tested her theory about the exogenous plasticity of the brain on the twins Johnny and Jim. One child was stimulated intensively and the other grew up without motor stimulation.  The twin who had received extra stimulation developed (milestones) more rapidly. McGraw definitely saw development as a product of nature and nurture.
She documented that age specific explorative tracking behaviour is present when children learn a new functional skill. They do not stop practising.
According to the NMT  motor development is mainly dependant on the maturation of the nervous system.
Dynamic Systems Theory (DST)

Esther Thelen ( 1995) and her co-workers did not agree with the NMT.

they asked themselves how the brain or the genetic material was programmed to fit new situations in time. They studied Kugler (1980) and the works of Schöner & Kleso´s  (1988) work on the ideas of the Russian physiologist Bernstein (1935). 
Their conclusion was that motor behaviour can be seen in terms of dissipative, self organising structures. The fylogenetic  skills ( universal milestones)  such as crawling, reaching and walking are learnt by a continuous process of adapting dynamics to the specific task by researching all and choosing one of the possibilities.

Where do patterns of behaviour come from?

- multiple subsystems ( nervous system, joint structure, strength levels, support  

  surfaces, motivation, sensory information)
- self organisation of these subsystems

What are the characteristics of these patterns?

-  the pattern of behaviour that people prefer when given a particular task

-  the attractors either stable or unstable

What causes patterns of behaviour to change?

- behaviour shifts from one pattern of co-ordination to another when sufficient change
occurs in one or more of the Control Parameters, a subsystem to which the system is                sensitive

- subsystems interact in various ways ( exploration and selection)  in order to discover workable solutions to the movement task  B.D.Ulrich 2000 )

According to the DST the maturation of the nervous system is considered of minor importance.
Neural Group Selection Theory (NGST)

Edelmans (1989); Sporns & Edelman (1993)´s NGST emphasizes that development is the result of a complex interaction between genetic information and environmental factors. 
One of the most important characteristics of the normal development is variation. (Touwen 1978, 1984,1993) The motor skills, the movement sequence or the duration of a specific developmental phase can all vary. Edelmans found a neurological explanation for this variation of variation.
Translating the NGST to motor development we see two different phases of variability.

primary variability  from foetal period – suckling period
- activity of epigenetic gross defined neural repertoires
- searching through self regulating activity of nervous system with  afferent     
    information- all within evolutionary and neurobiological boundaries

- great variety of motor behaviour

selection  during suckling period at function-specific ages

- selection of the most efficient motor patterns ( and neural activity) based on  

  experience

- a passing  reduction of motor variation

secondary / adaptive variability – from halfway suckling period with major development from 2-3 years of age reaching  the adult stage in adolescency
- formation of a secondary neural repertoire with many parallel circuits based on many  varying experiences

- end phase with:

situations without a  load - motor solutions available for a specific motor task
situations with load – possibility to change movement efficiently and precisely
according to specific situation

Because normal development is dominated by variation, healthy children hardly ever develop according to the milestone schedule There is an enormous variation in the age
children manage functional skills. Because of this inter-individual variation it is of utmost importance to always correct the age of preterm born children. Because of this enormous variation milestones have a limited clinical value. ((Touwen 1984 )
Variability of time before the early child-reactions ( formally called primitive reflexes) disappear according to Touwen (1984) 
- infant stepping                                  from  1-3 months
- moro reflex                                       from 3.5 – 10 months

- palmar grasp reflex                           from 4-9 months

- nipple search reflex                          from 6-12 months

- dorsal-flexion - big toe                     from 8 – 18 months
- plantar grasp reflex                           from 12 - 20 months 
Time most healthy children need to obtain motor skills. (Touwen 1984)

“cooing”                                                                 1 - 2 months

communicative smiling                                          1 - 2.5 months

eyes + head follow movement                               1 - 3 months

head balance                                                           1.5 - 3.5 months

roll supine → prone                                                3 - 5 months

roll prone → supine                                                3 - 7 months

grasping ( holding 1 object )                                   3.5 – 5 months
crawling ( flat- elbows and knees )                         5.5 – 10 months

grasping, ( holding 2 objects )                                 6 – 9 months

jabbering                                                                  6.5 – 10 months 

sitting without aid                                                    8 – 12.5 months

coming to sit                                                             9 – 13.5 months

crawling ( hands and knees)                                     8 – 13 months

grasping ( holding 3 objects )                                   9 – 14 months

walking with support                                                9 – 15 months

standing unsupported                                                9 – 18 months

first words                                                                 9.5 – 17 months

walking                                                                      10 – 20 months

The NGST seems to be a reasonable explanation for  motor development. The theory tells us that the basic programs for motor development are genetically roughly  recorded, not precisely, and with a lot of variation.  The child and his/her nervous system will try all sorts of variations and in the process learn through trial and error.

Through this self-generated exploration of the possibilities  the secondary adaptive variability slowly comes into place. ( Hadders-Algra 2000)
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